The photodegradation of orange green (OG) by excitation of Fe (III)-aqua complexes has been investigated under UV and solar light illumination. The rate of degradation has been found to be strongly influenced by the pH of the solution, initial concentration of Fe(III) and the nature of the light sources. The progress of removal of OG from solution has been monitored by recording the change of absorbance at λmax = 480 nm, (є = 1.27 × 10 4 L mol -1 cm -1 at 30°C), with time. The pH has been varied from 1.2 to 3.5. The initial concentration of Fe (III) was between 9.0 × 10 -4 mol L -1 and 2.4 × 10 -3 mol L -1 . The intensity of the UV artificial source was 14 Wm -2 , whereas the average intensity of the solar light during the experiments was about 700 Wm -2 . An optimistic result was obtained, when OG was irradiated by solar light. About 92% degradation of 1.5 × 10 −4 mol L −1 OG solution has been done within 70 minutes by photodegradation using Fe(III)-aqua complex at pH 2.5 by UV light whereas about 86% degradation has been recorded by the solar light under the same conditions.
I. Introduction
Pollutants enter into soil and aquatic environment through the discharge of the industrial wastes and also through the decomposition of pesticides, herbicides, etc. The effluents of textile dying and knitting industries contain a large amount of unfixed azo dyes which come out into the environment without prior treatments. During the washing process, the exhausted reactive dyes are quite a large amount in their hydrolyzed and unfixed form 1, 2 . Because of their nonbiodegradability, toxicity and carcinogenic nature, these dyes constitute a major threat to the ecosystem 3 and cause a severe damage to the aquatic lives. Huge textile & dyeing industries at Narayonganj and Gazipur in Bangladesh are the main sources of textile wastewater that contains mainly dye effluents. These effluents of dyeing factories and some other industries constitute a dangerous problem to the aquatic environment near these cities.
A number of physical [4] [5] [6] [7] , chemical [8] [9] [10] and biological 11, 12 methods are usually employed for the treatment of wastewater comes out from the textile dyeing and knitting factories. Among these methods, biological treatment seems to be cost-effective for some organic pollutants. However, it has been reported that most of the reactive dyes are not biodegradable because of their carcinogenic nature. Chemical methods such as chlorination and ozonation lead to complete oxidation of organics into carbon dioxide and minerals. But the discharging of chlorinated organic compounds, which are formed during the operation, into the environment causes more severe problems than caused by the effluents themselves. Ozonation is a much cleaner process but owing to instability of ozone, its on-site preparation is required. This involves significant capital costs. Physical methods such as adsorption, coagulation, ion-exchange, etc. have limited applicability owing to their high operational costs. Moreover, these methods only transfer the contaminants from one place to the other leaving the problem essentially unsolved. Therefore, attention has to be focused on the techniques that lead to complete destruction of the dye molecules into much cleaner materials.
Semiconducting oxide mediated photodegradation has drawn considerable attention over the last three decades in view of their potential applications in environmental related problems [13] [14] [15] . These oxides include mainly TiO 2 and ZnO, both of which have band gap energies of 3.0-3.2 eV corresponding to 410-380 nm wavelengths of radiation 16, 17 . These materials are most widely used because of these being cost effective, photostable, and having high redox activity and selectivity. However, because of the large band gap energies of the oxide photocatalysts, these are particularly suitable for application under artificial UV irradiation that also involves considerable capital costs. Moreover, in largescale applications, the use of suspended powder requires the separation and recycling of the ultrafine catalyst from the treated wastewater prior to the discharge, which is a time consuming and expensive process.
Recently, it has been reported that Fe(III)-aqua complexes photogenerate hydroxyl radicals, which can be used as photocatalysts [18] [19] [20] . It is interesting to note that unlike photo- Hydroxyl radicals are known to be reactive species involved in the advanced oxidation processes and, in most cases, to cause the complete mineralization of the pollutants. A number of papers have already been found in the literature, where hydroxyl radicals generated upon excitation of Fe(III)-aqua complexes have been used as photocatalysts to degrade organic pollutants [18] [19] [20] [24] [25] [26] [27] [28] [29] . The advantages of this photodegradation process are economical, rapid degradation and simple handling. Moreover, this ion is available in the natural environment. In this paper, we endeavor to use Fe(III)-aqua complex as a photocatalyst to degrade a typical textile dye, orange green (OG, Fig. 1 ) by using UV light as well as solar light. 
II. Experimental
Commercial grade OG obtained from BDH, England was used here without further purification. All other chemicals were purchased from Merck, Germany. The double distilled water was used throughout the present study.
The photodegradation of the aqueous solution of dye was carried out in an open reactor of inside diameter 4.3 cm, height 5.5 cm. Light sources used were a UV lamp capable of emitting radiation of 254 nm and solar light. The reactor was placed on a magnetically stirred plate. The total system was enclosed in a wooden box called lamp house, inside surfaces of which were blackened (exception was for solar light). For solar light irradiation, the reactor was also placed on a magnetically stirred plate under natural environment. The time for the experiments was chosen between 11.00 am to 2.00 pm of sunny days in the month of April. The intensity of UV light was determined by using potassium ferrioxalate chemical actinometer 30 . The intensity of solar light was obtained from the Renewable Energy Centre of the University of Dhaka.
Homogeneous photodegradation was carried out in the reactor in the presence of Fe(III)-aqua complex under different light sources. Any water soluble ferric salt produces Fe(III)-aqua complex. A typical experiment was carried out by taking a definite concentration of dye in a fixed amount of ferric nitrate solution. It is well known that Fe(III) ions form precipitate at a pH higher than 3.5. Therefore, the photodegradation was carried out at different pHs to find out the optimum pH. Then the pH was adjusted to the optimum value by the addition of HNO 3 to prevent the precipitation of ferric ion for other subsequent experiments under different conditions.
III. Results and Discussion
The time courses of the UV absorption spectra of 1.5 × 10 Effect of pH on the photodegradation of OG in the presence of Fe(III)-aqua complex as a photocatalyst under UV irradiation has been investigated over the pH range between 1.2 and 3.5 because much precipitation of Fe (III) ions occur as Fe(OH) 3 above pH 3.5. These results are shown in Fig. 3 . The percent degradation of OG increases with increasing pH up to 2.5. With a further increase in the pH, the percent degradation decreases rapidly. Katsumata 2+ ion, which is the active species, is lower at a pH lower than 2.5 because of the presence of excess H + ions. The concentration of this ion is also lower at a pH higher than 2.5 due to the precipitation of Fe(III) ion [18] [19] [20] [21] [22] . However, a small change in the degradation maximum may be related to the change of the metal salt from Fe 2 (SO 4 ) 3 to Fe(NO 3 ) 3 or to the change of the substrate from carbofuran to OG. Since the degradation efficiency is maximum at pH = 2.5, all other subsequent experiments were carried out at this optimum pH. 2+ ions which absorb light of wavelength up to 500 nm, both of these lights are capable to produce OH
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• radicals and cause dye degradation. However, a bit lower effectiveness of the solar light should be related to the fact that only a fraction of the light (<500 nm) is used up by the system for the purpose of photodegradation. Moreover, the light photons of solar light may be less effective in producing OH
• radicals compared to the UV light photons. These results imply that the photocatalytic reaction using Fe(III)-aqua complex is useful for the treatment of wastewater containing OG dye. 
IV. Conclusions
Photodegradation of orange green (OG), a typical textile dye has been carried by Fe(III)-aqua complex under UV and solar light irradiation. The rate of degradation of OG by Fe(III)-aqua complex has been found to be affected by pH, concentration of Fe(III) ions and by the nature of the light sources. It has been found that the percent degradation is maximum at pH 2.5. With increasing the concentration of Fe(III), the initial rate increases and shows almost a limiting value at a concentration of ≥ 2.1 × 10 −3 mol L −1 . Most interesting feature is that Fe(III)-aqua complex is an effective photocatalyst under both UV and solar light irradiation. Although some reports 3, 4 showed better efficiency of degradation using Fenton's reagent than that of Fe(III)-aqua system, the latter system is environment friendly. This is because H 2 O 2 , which is a component of Fenton's reagent, is itself a pollutant causing dangerous problem to aquatic lives. On the other hand, Fe(III) ions is one of the most available ions in aquatic environment. Thus, this photocatalytic system could be useful technology for the treatment and the mineralization of organic compounds like azo-dyes even under solar light illumination.
